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AERODYNAMIC PERFORMANCE OF 0.4066-SCALE MODEL OF JT8D REFAN STAGE
by Royce D. Moore, George Kovich, and Edward R. Tysl
Lewis Research Center
SUMMARY
A single-stage fan was designed to replace the two-stage fan currently being used in
the JT8D engine. The fan design was constrained by noise related considerations and the
desire to minimize the number of engine modifications.
The aerodynamic performance of a 0.4066-scale model of the split flow JT8D refan
stage is presented over a range of flows at speeds from 40 to 100 percent of design speed.
Radial and circumferential measurements of the flow conditions were made. The bypass
stage peak efficiency of 0. 800 occurred at a total weight flow of 35. 82 kilograms per sec-
ond and a pressure ratio of 1. 679. The stall margin of the fan was 15 percent based on
pressure ratio and weight flow at stall and peak efficiency conditions. The data indicated
that the hub region of the core stators was choked at design speed over the entire flow
range tested.
INTRODUCTION
The National Aeronautics and Space Administration is engaged in a program with the
Pratt & Whitney Division of United Technologies Corporation to provide the technology
required to significantly reduce the noise level of the JT8D engines while maintaining
their aerodynamic performance. These engines are used on the Boeing 727 and 737 air-
craft and the McDonnell-Douglas DC-9 aircraft. The new fan stage design was con-
strained by noise related considerations and the desire to minimize the number of engine
modifications. The current two-stage fan was replaced by a single-stage fan to be used
with the existing core compressor. Booster stages were also added to the inlet to the
core compressor. The fan diameter was increased and the spacing between rotor and
stator was also increased. The stage was designed by Pratt and Whitney.
To obtain the detailed aerodynamic performance of the new design, a 0. 4066-scale
model of the split flow fan stage was built to be tested in the Lewis single-stage
compressor facility. The scaled stage consists of the inlet guide vanes, the rotor, the
bypass stator, and the core inlet stator.
This report presents the overall and blade-element performances of the scaled fan
stage. The stage was designated "stage 65" for tests in the Lewis facility. Data were
obtained at speeds of 40 to 100 percent of design speed. Blade-element survey data were
taken at 11 radial positions for the inlet guide vanes and the rotor, at 7 radial positions
for the bypass stator, and at 3 radial positions for the core stator. The data presented
in this report are in tabular as well as plotted form.
TEST STAGE
Aerodynamic Design
The aerodynamic design of the fan stage was accomplished by the Pratt & Whitney
Division of United Technologies Corporation (ref. 1). The overall design parameters for
this stage are listed in table I. The flow path for this split flow stage is presented in fig-
ure 1. The inlet guide vanes consist of NACA-65-series airfoils. The tip section of the
inlet guide vanes turned in the direction of rotor rotation and the hub section turned oppo-
site to the rotative direction. The rotor blades used multiple-circular-arc profiles.
The bypass and core stator blades used NACA-65-series airfoils. The blade-element
design parameters are presented in tables n to V, and~the blade geometries are pre-
sented in tables VI to IX. The values of the design parameters shown have been inter-
polated from those supplied by the contractor to the radial positions used for data meas-
urement. The symbols and equations are defined in appendixes A and B. The definitions
and units used for the tabular data are presented in appendix C.
Mechanical Design
The mechanical design of the scale model fan was done under contract by the Boeing
Company. The 23 inlet guide vanes (fig. 2) were machined from a single piece of 17 per-
cent chromium - 4 percent copper - precipitation hardened (17-4 ph) steel. The rotor
had 34 blades (fig. 3), each machined from titanium - 6-percent aluminum - 4-percent
vanadium alloy and mounted in a disk of the same material. The bypass stator blades,
the core stator blades (fig. 4(a)and(b)) were also machined from single pieces of 17-4ph
steel. An assembly showing the 83 bypass stator blades and the 56 core stator blades
separated by the flow splitter is shown in figure 4(c). The rotor had a static tip clear-
ance of 0.076 centimeter, which was calculated to give a running clearance of 0. 038
centimeter at design conditions.
APPARATUS AND PROCEDURE
Test Facility
With the exception of the addition of a dual throttle valve in the collector, the test
facility is the same as that described in reference 2. A schematic view of the facility is
shown in figure 5(a). The drive system consists of an electric motor with a variable
frequency speed control. The drive motor is coupled to a 5. 521 ratio speed-increase
gearbox that drives the test rotor. Atmospheric air enters from a line on the roof of the
building and flows through the orifice and into the plenum chamber. The air then passes
through the stage and collector throttle valves and exhausts to an altitude exhaust system.
The flow and bypass ratio can be controlled by adjusting the collector throttle valves
(fig. 5(b)) or by adjusting a remote downstream exhaust valve.
Instrumentation
The total weight flow was determined from measurements on a thin-plate orifice.
The orifice temperature was determined from an average of two Chromel-Constantan
thermocouple readings. The orifice pressures were measured by calibrated transducers.
Radial surveys of the flow were made ahead of the inlet guide vanes (station 0), be-
tween the inlet guide vanes and the rotor (station 1), between the rotor and stator (sta-
tion 2), and downstream of the bypass stator (station 3, see fig. 1). Fixed rakes were
located upstream and downstream of the core stator (stations 5 and 6), and downstream
of the bypass stators (station 4). At stations 0, 1, 2, and 3 two combination probes and
two static-pressure wedge probes were used. The probes were located approximately
90° apart, with the two like probes located opposite each other (fig. 6). The combination
probes at stations 1 and 3 were circumferentially traversed one blade gap counterclock-
wise from the nominal values shown in figure 6. The combination probes (fig. 7(a)) were
used to determine total pressure, total temperature, and flow angle. At stations 0, 1,
and 3 two 8° C-shaped wedge probes (fig. 7(b)) were used to determine static pressure.
At station 2 two 18° wedge probes (fig. 7(c)) were used to measure static pressure.
Each probe had associated null-balancing equipment that automatically alined the probe
to the direction of flow. Chromel-Constantan thermocouples were used in the combina-
tion probes to determine stream temperature. Calibrated transducers were used to
measure all pressures.
At stations 4, 5, and 6 total pressures and temperatures were measured with fixed
rakes. At station 4 two five-element radial rakes (fig. 8 (a)) located 180° apart were
used to measure total pressure and total temperature. The rakes were alined with the
axial direction. At station 5 two three-element radial rakes were used to measure total
pressure and two three-element rakes (fig. 8(b)) were used for total temperature. The
station 5 rakes were set at an angle of 45° from the axial direction. At station 6 total
temperature was determined from a three-element radial rake (fig. 8(c)) set at an angle
of 15° from the axial direction. At each radial element radius a nine-element circum-
ferential rake (fig. 8(c)) was used to measure total pressure. Each circumferential rake
was set at the design flow angle for that particular radius. The locations of the rakes
are shown in figure 6.
At each measuring station static pressure taps were installed on both the inner and
outer walls of the casing. These pressure taps were at the same axial location as the
probes but were offset in the circumferential direction (fig. 6). The rotative speed of
the test rotor was determined by an electronic speed counter. The test data were re-
corded by a central data recording system.
The estimated errors of the data, based on inherent accuracies of the instrumenta-
tion and recording system, are as follows:
Weight flow, kg/sec ±0.3
Rotative speed, rpm ±30
Flow angle, deg ±1.0
Temperature, K ±0. 6
n
Total pressure, N/cm , at -
Station 0 ±0. 02
Station 1 ±0. 04
Station 2 ±0.10
Station 3 ±0.10




Static pressure, N/cm , at -
Station 0 ±0. 04
Station 1 ±0. 04
Station 2 ±0. 07




A further indication of the consistency of the data can be observed by comparing the
integrated flows at each measuring station with the orifice flow in table X.
Test Procedure
The stage survey data were taken over a range of flows at 40, 70, 80, 90, 97, and
100 percent of design speed. For each performance point at a given speed and weight
flow, data were recorded at 11 radial positions for station 3. At the first radial posi-
tions the data from the fixed rakes at stations 4, 5, and 6 were also recorded. At each
radial position the two combination probes at stations 1 and 3 were traversed circum-
ferentially to nine locations between blade midgaps. These locations were selected to
define the blade wakes. The wedge probes were set at midgap because preliminary
studies showed that the static pressure was constant across the gap. Values of pressure,
temperature, and flow angle were recorded at each circumferential location. At the last
circumferential location, values of pressure, temperature, and flow angle were also re-
corded for stations 0 and 2. All probes were then traversed to the next radial position
and the circumferential traverse procedure repeated.
It was considered to be impractical to map the fan performance over a large range
of bypass ratio. Performance was therefore obtained at values of flow and bypass ratio
that were of specific interest from the standpoint of engine application. Using the on-
line calculated orifice weight flow and bypass flow calculated from fixed instrumentation
at station 4, the desired total weight flow and bypass ratio were set and the survey data
were taken.
The weight flow at stall was obtained in the following manner: From a condition near
stall, the remote downstream throttle valve was slowly closed in small increments. At
each increment the weight flow was obtained. The weight flow obtained just before stall
occurred is called the stall weight flow. The pressure ratio at stall was obtained by ex-
trapolating the total pressures obtained from the survey data to the stall weight flow.
Calculation Procedure
All the data shown herein have been corrected to standard-day conditions at the en-
trance to the inlet guide vanes. The blade-element data have been translated from the
measuring stations to the blade edges using the translation procedure described in ref-
erence 3.
Because of the physical construction of the 8° wedge, static pressure could not be
measured at the 5- and 10-percent locations. Thus, a linear interpolation between the
outer-wall static pressure and the value of static pressure at 20-percent span was used
to obtain the static pressures at 5- and 10-percent spans.
At each radial survey position the nine circumferential values of pressure, tem-
perature, and flow angle at stations 1 and 3 were mass averaged and the blade-element
data are based on these averaged values.
To obtain overall performance, the circumferentially averaged values of pressure
and temperature were averaged radially. The bypass ratio is calculated from the orifice
weight flow and integrated weight flow at station 3. The inlet guide vane (IGV) and rotor
overall performance are based on conditions from tip to hub. The bypass stage pressure
ratio and temperature ratio are based on the average IGV inlet pressure and temperature
from the outer casing to the design split streamline and corresponding values at the by-
pass stator outlet. The core stage pressure ratio and temperature ratio are based on
the average inlet pressure and temperature from the design split streamline to the inner
wall and values at the core stator outlet.
RESULTS AND DISCUSSION
The overall performance for the rotor and the bypass and core stages are presented
first. Radial distributions of several performance parameters are then presented for
-the inlet guide vanes, the rotor, the bypass stator, and the core stator at design speed.
Blade-element performance as a function of incidence angle is also presented. All the
plotted data, together with some additional performance parameters, are listed in tab-
ular form. The overall performance data are presented in table X. The blade-element
data are given for the inlet guide vane, rotor, bypass stator, and core stator in tables
XI to XIV, respectively.
Overall Performance
The overall performance for the rotor is presented in figure 9, and for the bypass
and core stages, in figures 10 and 11, respectively. The data in these figures are pre-
sented for speeds from 40 to 100 percent of design. Design point values are shown as
solid symbols on the figures.
The rotor was designed for a pressure ratio of 1.704 and efficiency of 0.861 at a
total weight flow of 35. 01 kilograms per second. At the near design weight flow of 35. 28
kilograms per second, the rotor produces a pressure ratio of 1. 807. Considering an op-
erating line passing through the design point, a rotor pressure ratio of 1.741 would be
obtained at 35. 82 kilograms per second. The efficiency at both conditions was 0. 87.
Rotor peak efficiency of 0. 874 occurred at a total weight flow of 36. 07 kilograms per sec-
ond and a pressure ratio of 1.666.
The bypass stage peak efficiency of 0.800 occurred at a total weight flow of 35.82
kilograms per second (fig. 10). At peak efficiency the pressure ratio was 1. 679. This
point would correspond to a point on the operating line passing through the design point.
Because the efficiency and pressure ratio drop off much more rapidly for the stage than
for the rotor for the maximum flow condition, it is likely that the maximum flow is
limited by the stator.
Design speed results were as follows: The stall margin was 15 percent, based on
the weight flow and pressure ratio at stall and peak efficiency conditions. The core
stage weight flow increased slightly with increasing back pressure (fig. 11). It would
appear that the core stator was choked for all weight flows tested. The peak efficiency
drops off very rapidly as the speed was increased from 97 to 100 percent of design
speed. The pressure ratio of 1. 637 was obtained at weight flow of 11. 05 kilograms per
second. However, the efficiency was only 0.795.
For the design Mach number of 0. 89 the hub of the core stator was considered to
be near the upper Mach number limit acceptable for a NACA-65 series blade profile. At
design speed the measured Mach numbers in the hub section were higher than the design
value, and at these excessive Mach numbers the performance deteriorate due to shock
losses and possible shock induced separation. For these core stators it appears that
such shock related losses may have been responsible for the low efficiency.
The fan has satisfactory performance, and it appears that a good operating line can
be established. However, some of the flow conditions"were somewhat different than de-
sign and this will be discussed in the next sections.
Radial Distributions
The radial distributions of several parameters for 100 percent of design speed are
presented in figures 12 to 15. In each figure data are presented for four weight flows.
The design values are shown by the solid symbols. Adiabatic efficiency, temperature
ratio, pressure ratio, incidence angle, meridional velocity ratio, deviation angle, total-
loss parameter, total-loss coefficient, and diffusion factor are presented for the rotor
as a function of percent span from the rotor outlet blade tip. For the inlet guide vanes
and stators all of these parameters are presented except efficiency, temperature ratio,
and pressure ratio. Also for the inlet guide vanes outlet flow angle is presented rather
than deviation angle.
Inlet guide vanes. - The meridional velocity ratio is significantly higher than design
in the tip region (fig. 12). In the tip section the measured flow angles were less than de-
sign values. In the hub section the flow angles were less negative than design. This in-
dicates insufficient turning in both the tip and hub sections of the inlet guide vanes. The
inlet guide vanes overturned the flow slightly in the midspan region, as indicated by the
flow angles being more positive than design. With the exception of the 5- and 95-percent
span locations, the losses are less than design. The inlet guide vane parameters are
affected only slightly by weight flow.
Rotor. - As the weight flow was reduced, the pressure ratio increased substantially
in the bypass portion of the rotor (fig. 13). In the core portion pressure ratio increased
slightly with decreasing weight flow except at 80 percent span. At that position pressure
ratio decreased with decreasing weight flow. The effect of the splitter was experienced
downstream of the rotor as evidenced by the decrease in meridional velocity ratio and
increase in diffusion factor at the 60 percent span location. The increase in losses and
decrease in efficiency at the 35-percent span location is attributed to the vibration
damper. The increased loss level experienced was not included in design efficiency and
loss distribution. The deviation angles are less than design values except in the splitter
and hub regions.
At the near-design weight flow of 35. 28 kilograms per second, the lower than design
incidence angles in the hub region were a result of the inlet guide vane underturning. In
the tip region the inlet guide vane underturning would have resulted in higher than design
incidence angles. However, the high meridional velocity ratio through the inlet guide
vanes was sufficient to result in a lower than design incidence angle for the rotor.
At the flow of 35. 82 kilograms per second, which approximated an operating line,
the radial distribution of total pressure ratio was approximately equal to design except at
the 5 and 80 percent span locations. The diffusion factor for this weight flow was also
equal to design except in the regions of the damper (35 percent span) and splitter (60 per-
cent span) and at the hub. The diffusion factor is probably high at the splitter because
the measurement was taken rather close to the splitter. The losses in the core flow por-
tion of the rotor match design values. The losses in the tip region are significantly
lower than design values.
Bypass stators. - The radial distribution of performance for the bypass stator blades
is presented in figure 14. The radial distribution of velocity ratio is different from de-
sign, and it also varies with weight flow. In the tip region velocity ratio increases with
decreasing flow, and in the splitter region it decreases with decreasing flow. For the
stage peak efficiency (35. 82 kg/sec) the bypass stator losses were the lowest at all
radial positions. However, in the region between the dampers and splitter, losses were
significantly higher than design values. The radial distribution of diffusion factor is
much flatter than design with the tip values less than design and the hub values greater
than design. Deviation angles were slightly less than design for all radial positions.
Core stators. - Although the diffusion factor was much lower than design, the core
stator losses were significantly greater than design (fig. 15). The gradient of velocity
ratio was much steeper than design. Higher than design velocity ratios were measured
in the region near the splitter, and near design values were measured at the hub. No
measured deviation angles are presented because flow angles were not measured down-
stream of the core stators.
Variations with Incidence Angle
The variations of selected blade-element parameters with suction surface incidence
angle are presented in figures 16, 17, and 18 for the rotor, bypass stators, and core
stators, respectively. For the rotor the data are presented for 70, 90, and 100 percent
of design speed for blade-element locations of 5. 0, 10.0, 20.0, 30.0, 40.0, 50.0, 60.0,
64.0, 80. 0, and 95. 0 percent of span from the blade tip. For the bypass stator blade-
element data are presented at the first six radial positions only; and for the core stator
data are presented for the last three radial positions. In addition to all the parameters
that were shown in the radial distribution plots, inlet relative Mach number is also pre-
sented. Design values are shown by the solid symbols.
Rotor. - At design speed the lowest measured loss and highest element efficiency
occurred at a suction surface incidence angles less than design. The absolute value of
loss was also less than design values except in the region of the dampers (30 and 40 per-
cent span locations). With the exception of the damper and hub region, the rotor was op-
erating at the lowest loss at the maximum flow condition; at the hub (95 percent span) the
losses were highest at maximum flow. At the 40 percent span location the minimum
loss condition was achieved at the midflow condition.
Bypass stators. - A minimum loss was defined at each radial position measured.
At the 5, 30, and 50 percent span locations the minimum loss occurred at the design in-
cidence angle. At 10 and 20 percent span minimum loss occurred at an incidence angle
less than design; whereas at 40 percent span it occurred at incidence angle greater than
design. The minimum losses were greater than design except at the 10 and 20 percent
span locations. The sharp rise in losses in the tip region of the bypass stator at the
lower incidence angle coupled with the decrease in losses with lower incidence angle in
the rotor-tip region indicates that the bypass stator was the limiting factor in the max-
imum flow attainable by the bypass stage.
Core stator. - At the 80 and 95 percent span locations the core stator incidence
angles remained essentially unchanged over the complete fan flow range. This indicates
that the blade passages at these radial positions were choked over the whole range of
flows. At the 64 percent span location the stator did have some range. At the 80 percent
span location the stator choked at a higher than design incidence angle, and at the 95 per-
cent span it choked at a lower than design incidence angle. For all three span locations
the losses are greater than design.
SUMMARY OF RESULTS
The overall and blade-element performances of the scale model of the split flow
JT8D refan stage are presented. Radial and circumferential measurements were made
ahead of the inlet guide vanes, ahead of and behind the rotor, and downstream of both
core and bypass stators. Data were taken over the stable operating range of the fan
stage at speeds from 40 to 100 percent of design speed. Flow and performance param-
eters were calculated across 11 blade elements. The following principal results were
obtained from this investigation:
1. The fan has satisfactory performance, and it appears that a good operating line
can be established.
2. A bypass stage peak efficiency of 0. 800 occurred at a total weight flow of 35. 82
kilograms per second and a pressure ratio of 1. 679. This compares with design values
of 0.815, 35.01 kilograms per second, and 1.672, respectively.
3. The hub region of the core stators was choked over the entire flow range tested
at design speed.
4. Stall margin for this stage at design speed was 15 percent, based on the weight
flow and pressure ratio at the stall and peak efficiency conditions.
5. The rotor peak efficiency of 0. 874 occurred at a total weight flow of 36. 07 kilo-
grams per second and a pressure ratio of 1. 666.
Lewis Research Center,
National Aeronautics and Space Administration,





2A0_ annulus area at rotor leading edge, man
oAj frontal area at rotor leading edge, m
C specific heat at constant pressure, 1004 J/(kg)(K)
D diffusion factor
imc mean incidence angle, angle between inlet air direction and line tangent to blade
mean camber line at leading edge, deg
i suction-surface incidence angle angle between inlet air direction and line tangent
So
to blade suction at leading edge, deg
N rotative speed, rpm
9
P total pressure, N/cm
2
p static pressure, N/cm
r radius, cm
SM stall margin
T total temperature, K
U wheel speed, m/sec
V air velocity, m/sec
W weight flow, kg/sec
Z axial distance referenced from rotor blade hub leading edge, cm
a cone angle, deg
\s
a- slope of streamline, deg
s
/3 air angle, angle between air velocity and axial direction, deg
/?' relative meridional air angle based on cone angle, arctan (tan /?' cos a /cos at ),
O ITl C o
deg
•y ratio of specific heats (1. 40)
2
6 ratio of rotor-inlet total pressure to standard pressure of 10. 13 N/cm
6° deviation angle, angle between exit air direction and tangent to blade mean camber
line at trailing edge, deg
6 ratio of rotor inlet total temperature to standard temperature of 288.2 K
11
efficiency
angle between blade mean camber line and meridional plane, deg
K angle between blade suction-surface camber line at leading edge and meridional
s s
plane, deg
a solidity, ratio of chord to spacing
a? total loss coefficient
co profile loss coefficient
co shock loss coefficient
Subscripts:
ad adiabatic (temperature rise)
id ideal
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DEFINITIONS AND UNITS USED IN TABLES
absolute
aerodynamic chord, cm
ratio of actual flow area to critical area (where local Mach number
-is one)
meridional air angle, deg
angle between axial direction and conical surface representing blade
element, deg
difference between mean camber blade angle and suction-surface
blade angle at leading edge, deg
deviation angle (defined by eq. (B3)), deg
diffusion factor (defined by eq. (B4))
adiabatic efficiency (defined by eq. (B9))
inlet (leading edge of blade)
incidence angle (suction surface defined by eq. (Bl) and mean defined
byeq. (B2)), deg
angle between the blade mean camber line at the leading edge and the
meridional plane, deg
angle between the blade mean camber line at the trailing edge and the\
meridional plane, deg
angle between the blade mean camber line at the transition point and
the meridional plane, deg
loss coefficient (total defined by eq. (B5) and profile defined by
eq. (B6))




outlet (trailing edge of blade)




































inlet radius (leading edge of blade), cm
outlet radius (trailing edge of blade), cm
radial position
equivalent rotative speed, rpm
angle between aerodynamic chord and meriodional plane, deg
ratio of aerodynamic chord to blade spacing
speed, m/sec
suction surface
slope of streamline, deg
tangential
temperature, K
thickness of blade at leading edge, cm
thickness of blade at maximum thickness, cm
thickness of blade at trailing edge, cm
total
difference between inlet and outlet blade mean camber lines, deg
velocity, m/sec
equivalent weight flow, kg/sec
ratio of suction-surface camber ahead of assumed shock location
of multiple-circular-arc blade section to that of double-
circular-arc blade section
axial distance to blade leading edge from inlet, cm
axial distance to blade maximum thickness point from inlet, cm
axial distance to blade trailing edge from inlet, cm
axial distance to transition point from inlet, cm
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TABLE I. - DESIGN OVERALL PARAMETERS
FOR STAGE 65
IGV total pressure ratio 0.992
Rotor total pressure ratio 1.704
BP stator total pressure ratio 0.984
Core stator total pressure ratio 0.980
Rotor total temperature ratio 1.191
Rotor adiabatic efficiency 0. 861
Rotor polytropic efficiency . . 0. 871
Rotor head-rise coefficient 0. 200
Rotor flow coefficient 0.428
Weight flow per unit frontal area . . . . 166.56
Weight flow per unit annulus area. . . . 185.48
Weight now 35.01
Bypass ratio 2. 032
Bypass stage total pressure r a t i o . . . . . 1. 672
Core stage total pressure ratio 1.642
Bypass stage total temperature ratio ... 1.184
Core stage total temperature ratio . . . . 1.178
Bypass stage adiabatic efficiency 0.815
Core stage adiabatic efficiency 0. 855
Bypass stage polytropic efficiency . . . . 0. 828
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TABLE m. - DESIGN BLADE-ELEMENT PARAMETERS FOR ROTOR 65
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TABLE IV. - DESIGN BLADE-ELEMENT PARAMETERS FOR BYPASS STATOR 65
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TABLE Vm. - BLADE GEOMETRY FOR BYPASS STATOR 65
P E R C E N T R A D I I - BLAOt A N G L t S D E L T A C O N E
RP SPAN RI RO MC KQC INC ANGLE
TIP 0. 24.610 Z4 .130 63.05 -19.13 4.19-10.418
1 .5. 24.005 23.627 54.96 -16.59 4.34 -T.928
2 10. 23.397 23.111 48.66 -14.36 4.45 -5.840
3 20. 22.174 22 .C44 41.22 -11.06 4.58 -2.570
4 30. 2C.968 2C.976 37.95 -9.92 4.65 0.176
5 35. 2C .367 2C.445 36.95 -9.45 4.65 1.529
6 40. 19.770 15.917 36.26 -9.08 4.65 2.882
7 50. 16.592 18.885 35.62 -8.67 4.66 5.7d2











AERO S E T T I N G TOTAL A R E A






























































































































































4 6 . 4 '«
45.35











TABLE K. - BLADE GEOMETRY FOR CORE STATOR 65
P F M C E N T 8AOU BLAOE ANGLES CELT A CONE
KP SPAN KI RO KIC KQC INC ANGLE
TIP £0. 16.530- 16.274 49.30 7.85 4.69 -6. 7t»4
9 64. 16.037 15.772 46.64 9.35 4.70 -6.^41
10 80. 14.030 13.B32 39.35 9.12 4.76 -4.987
11 S5- 12.1*4 12.033 J 7 . b 7 1.20 4.72 -3.704
MJH 100. 11.600 11.460 J3.J5 -1.95 4.66 -3.3o3







AERC SETTING TOTAL AREA




































































TABLE X. - OVERALL PERFORMANCE FOR STAGE 65A
(a) 100 Percent of design speed
Parameter
ICV TOTAL ~PRESSURE~RAT 10
ROTOR TOTAL PRESSURE RATIO
BP STATOR TOTAL PRESSURE R A T I O
CORE STATOR TOTAL PRESSURE R A T I O
icv TOTAL TEMPERATURE R A T I O
ROTOR TOTAL TEMPERATURE RAT IO
BP STATOR TOTAL TEMPERATURE RATIO
CORE STATOR TOTAL TEMPERATURE RATIO




WT FLOW PER UNIT FRONTAL AREA
WT FLOW PER UNIT ANNULUS AREA
WT FLOW AT ORIFICE
• WT FLOW AT IGV INLET
WT FLOW AT ROTOR INLET
WT FLOW AT ROTOR OUTLET
HT FLOW AT BP STATOR OUTLET
WT FLOW AT CORE STATOR INLET
HT FLOW AT CORE STATOR OUTLET
ROTATIVE SPEED



























































































































BYPASS STAGE TOTAL PRESSURE R A T I O
CORE STAGE TOTAL PRESSURE R A T I O
BYPASS STAGE TOTAL TEMPERATURE R A T I O
CORE STAGE TOTAL TEMPERATURE R A T I O
BYPASS STAGE ADIABATIC EFFICIENCY




































2 . 0 3
(b) 97 Percent of design speed
Parameter
ICV TOTAL PRESSURE R A T I O .
ROTOR TOTAL PRESSURE R A T I O
BP STATOR TOTAL PRESSURE R A T I O
CORE STATOR TOTAL PRESSURE RATIO
IGV TOTAL TEMPERATURE R A T I O
ROTOR TOTAL TEMPERATURE RAT IO
BP STATOR TOTAL TEMPERATURE R A T I O
CORE SUTOR TOTAL TEMPERATURE RATIO




WT FLOW PER UNIT FRONTAL AREA
WT FLOW PER UNIT ANNULUS AREA
HT FLOW AT ORIFICE
WT FLOW AT IGV INLET
WT FLOW AT ROTOR INLET
WT FLOW AT ROTOR OUTLET
WT FLOW AT BP STATOR OUTLET
WT FLOW AT CORE STATOR INLET
WT FLOW AT CORE STATOR OUTLET
ROTATIVE SPEED











































































BYPASS STAGE TOTAL PRESSURE R A T I O
CORE STAGE TOTAL PRESSURE R A T I O
BYPASS STAGE TOTAL TEMPERATURE RATIO
CORE STAGE TOTAL TEMPERATURE RAT IO
BYPASS STAGE A D I A B A T I C EFFICIENCY
























TABLE X. - Continued. OVERALL' PERFORMANCE FOR STAGE 65A
(c) 90 Percent of design speed
Parameter
ICV TOTAL PRESSURE RATIO
ROTOR TOTAL PRESSURE RATIO
BP STATOR TOTAL PRESSURE RATIO
CORE STATOR TOTAL PRESSURE RATIO
!GV TOTAL TEMPERATURE R A T I O
ROTOR TOTAL TEMPERATURE RATIO
BP STATOR TOTAL TEMPERATURE R A T I O
CORE STATOR TOTAL TEMPERATURE RATIO




• WT FLOW PER UNIT FRONTAL AREA
WT FLOW PER UNIT ANNULUS AREA
WT FLOW AT ORIFICE
WT FLOW AT ICV INLET
WT FLOW AT ROTOR INLET
WT FLOW AT ROTOR OUTLET
WT FLOW AT BP STATOR OUTLET
HT FLOW AT CORE STATOR INLET
WT FLOW AT CORE STATOR OUTLET
ROTATIVE SPEED























































1 . 0 0 0
1.169
0.997





















1 . 0 0 0
1.167
0.995





















1 . 0 0 0
1 .178
0.997

















BVPASS STAGE TOTAL PRESSURE R A T I O
CORE STAGE TOTAL PRESSURE R A T I O
BVPASS STAGE TOTAL TEMPERATURE R A T I O
CORE STAGE TOTAL TEMPERATURE R A T I O
BYPASS STAGE AOIABAT1C EFFICIENCY





































(d) 80 Percent of design speed
Parameter
IGV TOTAL PRESSURE R A T I O
ROTOR TOTAL PRESSURE RATIO
BP STATOR TOTAL PRESSURE R A T I O
CORE STATOR TOTAL PRESSURE RATIO
.IGV TOTAL TEMPERATURE R A T I O
ROTOR TOTAL TEMPERATURE RATIO
BP STATOR TOTAL TEMPERATURE RAT IO
CORE STATOR TOTAL TEMPERATURE R A T I O




WT FLOW PER UNIT FRONTAL AREA
WT FLOW PER UNIT ANNULUS AREA
WT FLOW AT ORIFICE
WT FLOW AT IGV INLET
WT FLOW AT ROTOR INLET
WT FLOW AT ROTOR OUTLET
WT FLOW AT BP STATOR OUTLET
WT FLOW AT CORE STATOR INLET
WT FLOW AT CORE STATOR OUTLET
ROTATIVE SPEED





























0 . 9 1 7 .
0.993
1 . 0 0 1
1.103


























































































BVPASS STAGE TOTAL PRESSURE R A T I O
CORE STAGE TOTAL PRESSURE RATIO
BVPASS STAGE TOTAL TEMPERATURE R A T I O
CORE STAGE TOTAL TEMPERATURE RAT IO
BYPASS STAGE ADIABATIC EFFICIENCY
CORE STAGE A D I A B A T I C EFFICIENCY





































TABLE X. - Concluded. OVERALL PERFORMANCE FOR STAGE 65A
(e) 70 Percent of design speed
Parameter
1CV TOTAL PRESSURE R A T I O
ROTOR TOTAL PRESSURE R A T I O
BP STATOR TOTAL PRESSURE RATIO
CORE STATOR TOTAL PRESSURE R A T I O
1CV TOTAL TEMPERATURE R A T I O
ROTOR TOTAL TEMPERATURE R A T I O
BP STATOR TOTAL TEMPERATURE R A T I O
CORE STATOR TOTAL TEMPERATURE RAT IO




WT FLOW PER UNIT FRONTAL AREA
WT FLOW PER UNIT ANNULUS AREA
HT FLOW AT ORIFICE
HT FLOH AT |GV INLET
HT FLOW AT ROTOR INLET
HT FLOH AT ROTOR OUTLET
WT FLOW AT BP STATOR OUTLET
HT FLOH AT CORE STATOR INLET
HT FLOH AT CORE STATOR OUTLET
ROTATIVE SPEED











































































BYPASS STAGE TOTAL PRESSURE R A T I O
CORE STAGE TOTAL PRESSURE RAT IO
BYPASS STAGE TOTAL TEMPERATURE R A T I O
CORE STAGE TOTAL TEMPERATURE RATIO
BYPASS STAGE AOIABATK EFFICIENCY























(f) 40 Percent of design speed
Parameter
1GV TOTAL PRESSURE R A T I O
ROTOR TOTAL PRESSURE R A T I O
BP STATOR TOTAL PRESSURE R A T I O
CORE STATOR TOTAL PRESSURE R A T I O
1GV TOTAL TEMPERATURE RATIO
ROTOR TOTAL TEMPERATURE RATIO
BP STATOR TOTAL TEMPERATURE RATIO





WT FLOW PER UNIT FRONTAL AREA
HT FLOW PER UNIT ANNULUS AREA
HT FLOW AT ORIFICE
HT FLOW AT IGV INLET
WT FLOH AT ROTOR INLET
WT FI.OH AT ROTOR OUTLET
HT FLOW AT BP STATOR OUTLET
HT FLOW AT CORE STATOR INLET
HT FLOW AT CORE STATOR OUTLET
ROTATIVE SPEED











































































BYPASS STAGE TOTAL PRESSURE R A T I O
CORE STAGE TOTAL PRESSURE RAT IO
BYPASS STAGE TOTAL TEMPERATURE RATIO
CORE STAGE TOTAL TEMPERATURE RAT IO
BYPASS STAGE AOIABATIC EFFICIENCY
























TABLE XI. - BLADE-ELEMENT DATA AT BLADE EDGES FOR INLET GUIDE VANE 65





































































































































































































































































































































































































































































































































TABLE XI. - Continued. BLADE-ELEMENT DATA AT BLADE EDGES FOR
INLET GUIDE VANE 65






































































































































































































































































































































































































































































































































TABLE XI. - Continued. BLADE-ELEMENT DATA AT BLADE EDGES FOR
INLET GUIDE VANE 65









































































































































































































































































































































































































0 . 0 1 0
0 .012


















0 . 0 0 0
0 .000
0 . 0 0 0
0 . 0 0 0
0 .000
0 .000
0 . 0 0 0
0 . 0 0 0









0 . 0 1 7
0 .018
0 .013

















































































TABLE XI. - Continued. BLADE-ELEMENT DATA AT BLADE EDGES FOR
INLET GUIDE VANE 65




































































































































































































































































































































































































































































































































TABLE XI. - Continued. BLADE-ELEMENT DATA AT BLADE EDGES FOR
INLET GUIDE VANE 65
(e) 100 Percent of design speed; reading 156



























































































































































































































































































































































































0 . 0 0 0
0 . 0 0 0
0 . 0 0 0
0 . 0 0 0
0 . 0 0 0
0 . 0 0 0



























































































































TABLE XI. - Continued. BLADE-ELEMENT DATA AT BLADE EDGES FOR
INLET GUIDE VANE 65


































































































































































































































































































































1 . 0 0 0






































































0 . 0 0 0
0 . 0 0 0
0 . 0 0 0
0 . 0 0 0
0 .000
0 . 0 0 0























































































































TABLE XI. - Continued. BLADE-ELEMENT DATA AT BLADE EDGES FOR
INLET GUIDE VANE 65



























































































































































































































































































































R A T I O
1.002
1 . 0 0 1
0.999
1 . 0 0 0
1 . 0 0 0
1 . 000















































0 . 0 0 3
0 .005



















0 . 0 0 0
0 . 0 0 0
0 . 0 0 0
0 . 0 0 0
0 . 0 0 0
0 . 0 0 0
0 . 0 0 0
0.000
























































































































TABLE XI. - Continued. BLADE-ELEMENT DATA AT BLADE EDGES FOR
INLET GUIDE VANE 65





































































































































































































































































































































































































































































































































TABLE XI. - Continued. BLADE-ELEMENT DATA AT BLADE EDGES FOR
INLET GUIDE VANE 65

































































































































10 12.687 12.842 -0.0 -4.9 -0.0 -4.9 287.9 0.999 10.13 0.997
11 9.446 9.535 -0.0 -12.6 -0.0 -12.6 287.8 0.999 10.13 0.986















































































































































































































































0 . 0 1 0



















0 . 0 0 0
0 . 0 0 0
0 . 0 0 0
0 . 0 0 0
0 . 0 0 0
0 . 0 0 0
0 . 0 0 0
0 . 0 0 0



















































































O . Q 2 t
0.016
0.012







TABLE XI. - Continued. BLADE-ELEMENT DATA AT BLADE EDGES FOR
INLET GUIDE VANE 65








































































































































































































































































































































































































































































































































TABLE XI. - Continued. BLADE-ELEMENT DATA AT BLADE EDGES FOR
INLET GUIDE VANE 65






































































































































































































































































































































































0.490 0.452 0 .490
0.487 0.463 0 .487
0.487 0.467 0.487
0.466 0 .471 0.486
0.484 0 .478 0.484
0.478 0.482 0.478
0.479 0.483 0.479












































































0 . 0 0 4
0 . 0 1 4
0 .009
0 . 0 1 0





0 . 0 0 0
0 . 0 0 0
0 . 0 0 0
0 . 0 0 0
0 . 0 0 0
0 . 0 0 0
0 . 0 0 0
0 .000
0 . 0 0 0
0 . 0 0 0



























































Q . Q I ' O






TABLE XI. - Continued. BLADE-ELEMENT DATA AT BLADE EDGES FOR
INLET GUIDE VANE 65





































































































































































































































































































































































































































































































































TABLE XI. - Continued. BLADE-ELEMENT DATA AT BLADE EDGES FOR
INLET GUIDE VANE 65
(m) 90 Percent of design speed; reading 89


































































































































































































































































































































































































0 . 0 1 6
0 .015
0 .005

















0 . 0 0 0
0 . 0 0 0
0 . 0 0 0
0 . 0 0 0
0 . 0 0 0
0 . 0 0 0
0 . 0 0 0
0 . 0 0 0
0 .000
0 . 0 0 0








0 . 0 1 7
0 . 0 1 3
0 .015
0.017















































0 . 0 1 1
0 . 0 1 0
0 . 0 0 7
0 . 0 0 7
0 .008






















0 . 0 1 0






TABLE XI. - Continued. BLADE-ELEMENT DATA AT BLADE EDGES FOR
INLET GUIDE VANE 65


























































































8 16.327 16.436 -0.0 -0.2 -0.0 -0.2 287.9 0.999 10.13 0.998
9 15.634 15.753 -0.0 -1.0 -0.0 -1.0 287.9 0.999 10.13 0.998
10 12.687 12.842 0.0 -4.9 0.0 -4.9 287.9 0.999 10 .13 0.998






































































































































































ABS MACH NO REL MACH NO
IN OUT IN OUT
0.409 0.460 0.409 0.460
0.415 0.469 0.415 0.469
0.424 0.461 0.424 0.461
0.433 0.457 0.433 0.457
0.438 0.457 0.438 0.457
0.442 0.456 0.442 0.456
0.448 0.453 0.448 0.453
0.452 0.448 0.452 0.448
0.453 0.448 0.453 0.448
0.455 0.447 0.455 0.447

































































































































































TABLE XI. - Continued. BLADE-ELEMENT DATA AT BLADE EDGES FOR
INLET GUIDE VANE 65
(o) 80 Percent of design speed; reading 115
































































































































































































































































































































ABS MACH NO REL MACH NO
IN OUT IN OUT
0.402 0.453 0 .402 0.453
0.408 0.463 0 .408 0.463
0.417 0.456 0 .417 0.456
0.426 0.451 0.426 0.451
0.431 0.450 0.431 0.450
0.434 0.448 0.434 0 . 4 4 8 .
0.440 0.445 0.440 0.445
0.445 0 .440 0.445 0 . 4 4 0
0.445 0.439 0.445 0.459
0.447 0.437 0.447 0.437




1 0 . 0 0
20 .00
3 0 . 0 0
35.00








0 .402 0 .448
0.408 0.459
0 . 4 1 7 0.452
0.426 0 .440
0.431 0 .449
0 .434 0 . 4 4 8
0.440 0.445
0.445 0 . 4 4 0
0.445 0 .439
0.447 0.436


















































0 . 0 0 2
0 . 0 0 4
0 .005
0 . 0 0 2
0 . 0 1 3
0 . 0 2 1
0.053
0 . 1 0 4
0 . 0 0 0
0 . 0 0 0
0 . 0 0 0
0 . 0 0 0
0 . 0 0 0
0 . 0 0 0
0 .000
0 . 0 0 0
0 . 0 0 0




0 . 1 0 1
0 . 0 4 0
0.026
0 . 0 1 7
0 .015
0 .016







0 . 1 0 1
0 .040
0.026

























0 . 0 1 7
0 . 0 1 1
0.009
0 .009
0 . 0 0 7
0 . 0 0 7

















TABLE XI. - Continued. BLADE-ELEMENT DATA AT BLADE EDGES FOR
INLET GUIDE VANE 65


































































































































































































































































































































































































































































































































TABLE XI. - Continued. BLADE-ELEMENT DATA AT BLADE EDGES FOR
INLET GUIDE VANE 65















































































































































































































































































































































































0 . 0 1 3
0 . 0 1 7
0 . 0 1 4
0 . 0 1 4
0.012
0.008


















0 . 0 0 0
0 . 0 0 0
0 . 0 0 0
0 . 0 0 0
0 . 0 0 0
0 . 0 0 0
0 .000
























































































































TABLE XI. - Continued. BLADE-ELEMENT DATA AT BLADE EDGES FOR
INLET GUIDE VANE 65


































































1 1 1 . 8
111.6















































































































1 0 8 . 1
1 1 1 . 8
l i t . 6
110. 1
109.9















































































































































































































0 . 0 0 0
0 .000
0 . 0 0 0
0 . 0 0 0
0 . 0 0 0
0 . 0 0 0

























































































































TABLE XI. - Continued. BLADE-ELEMENT DATA AT BLADE EDGES FOR
INLET GUIDE VANE 65








































































































































































































































































































































































































































































































































TABLE XI. - Continued. BLADE-ELEMENT DATA AT BLADE EDGES FOR
INLET GUIDE VANE 65






























































































































































































































































































1 1 0 . 8
111.5
1 1 1 . 9
111 .5
1 1 1 . 7
OUT
1 1 1 . 0
1 1 4 . 1
111 .5
1 1 0 . 8































1 . 0 0 0








































0 . 0 0 2
-.028
























0 . 0 0 0
0 . 0 0 0
0 .000
0 . 0 0 0











0 . 0 1 7
0 .019









































































0 . 0 1 7
0.012
0 . 0 1 0































TABLE XI. - Continued. BLADE-ELEMENT DATA AT BLADE EDGES FOR
INLET GUIDE VANE 65





















































































































































































































































































































































































































































































































































TABLE XI. - Continued. BLADE-ELEMENT DATA AT BLADE EDGES FOR
INLET GUIDE VANE 65


















































































































































































































































































































































































































































































































































TABLE XI. - Continued. BLADE -ELEMENT DATA AT BLADE EDGES FOR
INLET GUIDE VANE 65

















































































































































































































































































































































































































































































































































TABLE XI. - Concluded. BLADE-ELEMENT DATA AT BLADE EDGES FOR
INLET GUIDE VANE 65


















































































































































































































































































































































































































































































































































TABLE XH. - BLADE-ELEMENT DATA AT BLADE EDGES FOR ROTOR 65






























































































































































































































































































































































































































































































































































TABLE XII. - Continued. BLADE-ELEMENT DATA AT BLADE
EDGES FOR ROTOR 65
(b) 100 Percent of design speed; reading 135





























































































































































































































































































































































































































0 . 1 1 9

























1 0 . 1 0
10 .09
1 0 . 1 0
10.10
t o . t o
1 0 . 1 1
1 0 . 1 0
1 0 . 1 0
tO. 09
1 0 . 0 0
PRESS


























































































TABLE XII. -Continued. BLADE-ELEMENT DATA AT BLADE
EDGES FOR ROTOR 65



















































ABS BETAM REL BETAM TOTAL TEMP TOTAL PRESS
IN OUT IN OUT IN R A T I O IN R A T I O
6.7 53.7 64.2 62.8 289.9 .267 9.97 .937
5.9 48.0 63.1 6 1 . 1 289.5 .227 10.09 .860
5.3 46.6 61.9 56.6 288.8 .219 1 0 . 0 9 .852
4.6 47.1 60 .1 51.6 288.6 .226 1 0 . 1 0 .856
4.0 51.3 59.1 50.9 288.5 .233 1 0 . 1 0 .822
3.2 49.1 58.3 49.1 288.5 .214 10 .10 .806
1.4 47.4 56.7 45.2 288.4 .199 10 .11 .774
0.0 53.8 55.1 46.2 288.2 .187 1 0 . 1 0 .736
-0.6 47.7 54.1 35.7 288.1 .186 1 0 . 1 0 .727
-3.5 43.7 50.0 17.8 288.1 .191 10 .09 1.768
-8.6 45.9 46.4 7.3 288.0 .189 1 0 . 0 1 1.727
REL VEL HER ID VEL TANG VEL WHEEL SPEED
IN OUT IN OUT IN OUT IN OUT
499.8 308.7 217.7 141.3 25.5 192.1 475.5 466.6
493.7 321.2 223.7 155.0 23.2 172.3 463.3 453.7
469.9 301 .0 221.2 165.8 20.7 175.3 435.2 426.5
449.0 275.6 224.0 171.2 18.0 184.2 407.1 400.2
438.8 247.4 225.2 156.2 15.9 194.8 392.4 3.86.7
429.6 247.0 225.6 161.7 12.5 186.9 378.1 373.7
410.6 235.1 225.4 165.8 5.6 180.0 348.8 346.7
390.0 191.9 223.1 132.8 0.2 181.7 320.1 320.1
382.5 209.1 224.1 169.7 -2.2 186.5 307.7 308.6
358.9 219.6 230.9 209.1 -14.1 199.6 260.6 266.7




















































































































































































































































































TABLE XII. -Continued. BLADE-ELEMENT DATA AT BLADE
EDGES FOR ROTOR 65

























































































































































































































































































































ABS MACH NO REL MACH NO





























































































































































































































TABLE XII. -Continued. BLADE-ELEMENT DATA AT BLADE
EDGES FOR ROTOR 65






































































































































































































































































































































































































0 . 4 0 0
0.427
0.439






















































































































































TABLE XII. - Continued. BLADE -ELEMENT DATA AT BLADE
EDGES FOR ROTOR 65
(f) 97 Percent of design speed; reading 124





























































































































































































































































































































































































































































1 0 . 1 0
10.10
1 0 . 1 0
10 .01
PRESS

















































































0 . 0 1 0
0.023
0.0.14
O . O t O





TABLE XII. -Continued. BLADE-ELEMENT DATA AT BLADE
EDGES FOR ROTOR 65































































































































































































































































































































































































































































































































































TABLE XII. -Continued. BLADE-ELEMENT DATA AT BLADE
EDGES FOR ROTOR 65





























































































































































































































































































































































































































































































































































TABLE XII. - Continued. BLADE-ELEMENT DATA AT BLADE
EDGES FOR ROTOR 65






























































































































































































































































































































































































































































































































































TABLE XII. -Continued. BLADE-ELEMENT DATA AT BLADE
EDGES FOR ROTOR 65






























































































































































































































































































































































































































































































































































TABLE XII. - Continued. BLADE-ELEMENT DATA AT BLADE
EDGES FOR ROTOR 65





















































































































































































































































































































































































































































































































































TABLE XII. - Continued. BLADE -ELEMENT DATA AT BLADE
EDGES FOR ROTOR 65
































































































































































































































































































































































































































































































































































TABLE XII. -Continued. BLADE-ELEMENT DATA AT BLADE
EDGES FOR ROTOR 65
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Axial distance (referenced from rotor-blade-hub leading edge), z, cm
24 28
Figure 1. - Flow oath for stage 65, showing axial location of instrumentation.
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C-74-2310
Figure 2. - Inlet guide vanes.
C-73--1236





Figure 4. - Stators.
C-7J-4231
C-73-4230
(c) Stator assembly showing splitter.
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C>) Collector throttle valves.









(a) Combination total pressure, total
temperature, and flow angle probe
(double barrel probe).
C-68-1280
(b) 8 static-pressure wedge probe.
Figure?. - Sensing probes.
I I I I I i l
C-74-1397
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